STUDY QUESTION: Does an intensive weight reduction programme prior to IVF increase live birth rates for infertile obese women?
a weight loss of at least five BMI units to the IVF only group. No statistical differences in live birth rates between the groups in either subgroup analysis were found.
Introduction
Obesity is a major global health problem. In the Nordic countries, obesity prevalence varies between 18.0 and 28.8% in the female population (Ng et al., 2014) . Fertility and obstetric outcome are negatively affected by obesity in women, with an increased risk of miscarriage (Metwally et al., 2008) and a higher risk of obstetric and neonatal complications (Dokras et al., 2006; Cnattingius et al., 2013; Johansson et al., 2014) . For obese women undergoing assisted reproductive techniques such as IVF, the pregnancy and live birth rate is compromised (Maheshwari et al., 2007; Luke et al., 2011; Bellver et al., 2013; Petersen et al., 2013; Provost et al., 2016) . Compared to women with a normal BMI, obese women undergoing IVF treatment require higher doses of gonadotropins, illustrating an impaired response to ovarian stimulation, and they also have an increased miscarriage rate (Fedorcsàk et al., 2004; Metwally et al., 2008) . A weight loss of 5-10% in obese women has, however, been demonstrated to be effective in normalizing menstruation, ovulation and spontaneous pregnancy rates (Norman et al., 2004) . Although it has often been suggested that weight reduction interventions should be considered for obese infertile women (Norman et al., 2004; Maheshwari et al., 2007) , very few trials have been published supporting such a strategy. In addition to a few trials, not powered for pregnancy and live birth rates (Tsagareli et al., 2006; Moran et al., 2011; Sim et al., 2014; Becker et al., 2015) , a recent large Dutch randomized controlled trial found that lifestyle intervention had no effect on live births in infertile obese women (Mutsaerts et al., 2016) .
The aim of this study was to evaluate whether weight reduction in infertile obese women (BMI ≥ 30 < 35 kg/m 2 ) scheduled for IVF improved the outcome assessed as live births, compared with women who received IVF treatment without previous weight loss.
Materials and Methods
We performed a multicentre, multidisciplinary, prospective, randomized controlled trial (RCT) at nine infertility clinics starting between 2010 and 2012 in Sweden and from 2013 in Denmark and Iceland. All participants provided written informed consent. The trial was approved by research ethics committees in Sweden, Denmark and Iceland. Sahlgrenska University Hospital, Gothenburg, Sweden provided the trial database and the computerized randomization programme and acted as the datacoordinating centre for this study. The first and last authors vouch for the accuracy and completeness of the data and for the fidelity of this report to the trial protocol.
Study population
Those eligible for the trial were infertile women between 18 and 38 years of age with indications for IVF and planning to start their first, second or third IVF treatment and with a BMI ≥ 30 < 35 kg/m 2 . In general, public clinics in the Nordic countries do not treat women if they are over 40 years of age or have a BMI above 35 kg/m 2 . Women were excluded from the trial if they had insulin dependent diabetes mellitus and other exclusion factors such as planned oocyte donation, planned pre-implantation genetic diagnosis, husband having azoospermia known at randomization, not having adequate knowledge of the local language, binge eating disorder (defined by Questionnaire of Eating and Weight Patterns-Revised; Yanovski, 1993) or previous participation in the study. Only one cycle per patient was included in the study. In the case of an emergency medical problem which resulted in the freezing of all embryos, the first transfer using cryopreserved embryos was included in the analysis.
Randomization
Randomization was performed with a computerized randomization programme with concealed allocation of patients and in the proportion of 1:1.
Optimal allocation was applied according to Pocock's minimization technique for sequential randomization (Pocock, 1983) taking account of the number of previously performed fresh IVF cycles, age of the woman, parity, polycystic ovarian syndrome (PCOS), fertilization method planned, tubal factor, smoking, BMI and waist circumference. The randomization was performed by the physician or the midwife/nurse at the first visit to the IVF clinic for first cycle patients or at a consultation between IVF cycles for second and third cycle patients. Blinding was not possible for patients or physicians; however, the embryologists and statisticians were unaware as to which group the patients were allocated.
Weight reduction intervention
The aim of the weight reduction was to reach a BMI as close to normal as possible during a time period of approximately 16 weeks. The intervention started with 12 weeks of a strict low calorie liquid formula diet (LCD), with a daily energy intake of 880 kcal (Modifast, Nutrition & Santé, France) . During the LCD period, all patients had scheduled visits with a health professional at weeks 0 (baseline), 2, 5, 8 and 12, where weight was recorded. After termination of the 12-week LCD period, the patients were scheduled for individual visits with a dietician for a period of between 2 and 5 weeks, for the re-introduction of solid foods and weight control stabilization. Prior to IVF treatment, the patient met the dietician again for a follow-up visit. Patients unable to complete the LCD treatment received individualized weight loss counselling until the start of IVF treatment. The patients started IVF after the weight intervention period regardless of the weight reduction achieved. During and after IVF treatment, all patients in the weight intervention group were offered complementary dietary counselling by the dietician for one year from randomization.
IVF treatment
All patients in the study were treated with a gonadotropin releasing hormone agonist and individualized doses of follitropin alfa (Gonal-F, Merck, Germany) from 112.5 to 450 IU/day. The cycles were monitored according to local routines in each clinic with serum-estradiol measurements and/or vaginal sonography. Ovulation was induced with choriongonadotropin alfa (Ovitrelle, Merck, Germany) and approximately 36 h later, oocyte retrieval was performed by means of transvaginal puncture. Fertilization was carried out using standard IVF technique or, in the case of male infertility, ICSI according to standard procedures. Embryo transfer (ET) was mostly performed using cleaving stage embryos (Day 2 or 3). Luteal-phase support was given from the day of oocyte retrieval with progesterone by vaginal route until a pregnancy test was performed 14 days after ET. If the patient was pregnant, defined as serum-human chorionic gonadotropin >5 IU/L, a vaginal sonography was performed~4 weeks after ET, i.e. pregnancy week 7.
Outcomes
The primary outcome was live birth, defined as at least one child born alive regardless of gestational age. Pre-specified secondary outcomes were pregnancy-related measurements such as biochemical pregnancy rate, clinical pregnancy rate, miscarriage rate, live birth rate after spontaneous pregnancy and multiple birth rates. Further secondary outcomes were IVF-related measurements including number of cancelled cycles, total dose of gonadotropins, number of oocytes retrieved and the rate of ovarian hyperstimulation syndrome (OHSS). Embryological measurements included the number of good quality embryos and the number of frozen embryos. Finally, dietary-related measurements included weight change between randomization and the last weight measurement recorded before or at oocyte retrieval and the number of patients showing compliance, defined as reaching normal BMI (<25.0 kg/m 2 ) or lowering the BMI by at least five units.
Statistical analysis
Our power calculation was based on a previous study (Kahnberg et al., 2009) , where the live birth rate was 12.5% (7/56) for obese women (BMI ≥ 30 kg/m 2 ) and 26.3% (81/308) for women with a normal weight (BMI: 20-25 kg/m 2 ). To find a difference of 13% (12-25%), 152 patients were needed in each group, giving a total of 304 patients (significance 5%, power 80%). To compensate for dropouts, the sample size was increased to 316. No loss of follow up was expected.
The main analysis was performed on the full analysis set (FAS) population and consisted of all randomized women having at least one follow-up variable and having started the IVF treatment (defined as having started stimulation with follitropin alfa) or having achieved a spontaneous pregnancy. Each woman was evaluated in the group to which she was randomized, regardless of what treatment she received or whether or not she completed the weight-loss programme. A complementary analysis was performed on the per protocol (PP) population and consisted of all randomized subjects having completed the study without significant protocol deviation. All spontaneous pregnancies occurring in both groups after randomization were included in both FAS and PP analyses.
Comparison between the two randomized groups was performed unadjusted. Fisher's exact test was used for the primary efficacy variable, live birth, and for all dichotomous variables. The Mann-Whitney U-test was used for continuous variables, Mantel-Haenszel chi-square test was used for ordered categorical variables and Pearson's chi-square test was used for all non-ordered categorical variables. The distribution of continuous variables, as well as changes in continuous variables, are given as mean, SD, median, minimum and maximum. Categorical variables are given as number and percentages. Complementary analyses for primary and selected secondary efficacy variables were performed in the FAS, and adjusted for differences in baseline variables. Adjustments were performed by multivariable logistic regression for dichotomous variables and by ANCOVA for continuous variables.
For the primary variable, live birth, and for important secondary variables, risk differences and risk ratios with 95% CI and exact 95% CI for the estimated proportions were calculated. All significance tests were two sided and conducted at the 5% significance level. A futility analysis was performed when approximately half of the planned patients had been included. The steering committee recommended that the study should continue. Two subgroup analyses were performed for the primary efficacy variable and for selected secondary variables; one for PCOS patients (Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group, 2004) and one for patients completing the diet programme and reaching BMI ≤ 25 kg/m 2 or lowering BMI by at least five units.
Results

Patients
Between October 2010 and January 2016, 962 women were assessed for eligibility (Fig. 1 ). Of these, 645 women did not meet inclusion criteria, declined to participate or were not included for other reasons. Thus 317 women were randomized to one of the two groups. Followup on pregnancies was completed in February 2017. Baseline characteristics were similar in the two groups, except that more terminations of pregnancies had occurred in the control group. The median duration of infertility was quite long in both groups, being 3 years (Table I ).
In the weight reduction and IVF group, one patient did not receive the allocated intervention and seven patients discontinued the intervention. In the IVF only group, two patients did not receive the allocated intervention and two patients discontinued the intervention. No patients were lost to follow up (Fig. 1) .
Live births and secondary outcomes
In the FAS analysis, the live birth rate was 29.6% (45/152) in the weight reduction and IVF group and 27.5% (42/153) in the IVF only group. The difference was not statistically significant (difference 2.2%, 95% CI: 12.9 to −8.6, P = 0.77).
Significantly more live births were achieved through spontaneous pregnancies in the weight reduction and IVF group than in the IVF only group, 10.5% (16) as compared to 2.6% (4) (difference 7.9, 95% CI: 14.1-1.8, P = 0.009) (Table II) . No difference between the groups occurred concerning treatments with IVF or ICSI. The PP analysis showed similar results and with no significant difference in live birth rates and more spontaneous pregnancies resulting in live births in the weight reduction group (Supplementary Table S1 ).
Weight reduction intervention
The mean weight change from randomization to last recorded weight during intervention, often the weight at oocyte retrieval, was −9.44 (±6.57) kg in the weight reduction and IVF group, as compared to +1.19 (±1.95) kg in the IVF only group (Fig. 2) . These results were highly significant (P < 0.0001). At the last recorded assessment before or at oocyte retrieval, the weight and BMI differed significantly between the two groups (weight 83.3 and 92.2 kg; BMI: 29.8 and 33.4 kg/m 2 ) (P < 0.0001) (Table III) .
Subgroup analyses
Two subgroup analyses were performed. The first compared women with PCOS in the two randomized groups and the live birth rate was 11/40 (27.5%) for the weight reduction group and 9/41 (22.0%) for the IVF-only group (P = 0.75). The second subgroup analysis compared women in the weight reduction group reaching BMI ≤ 25 kg/m 2 , or achieving a weight loss of five BMI units, to the IVF-only group and the live birth rate was 7/38 (18.4%) in the weight reduction group and 42/153 (27.5%) for the IVF-only group (P = 0.35). The comparisons showed no statistical differences in live birth rates between groups (Supplementary Tables SII and SIII) .
Adverse events
A total of fourteen severe adverse events that demanded hospitalization, including ten events related to the IVF treatment, occurred in the study. There were three cases of severe OHSS, three cases of ovarian or endometrial infections, two cases of miscarriage and two cases of 
Discussion
This large randomized, multicentre study showed that a weight reduction intervention with LCD and diet re-introduction, lasting 16 weeks in total, resulted in a substantial weight loss. Nevertheless, it did not improve live birth rates in moderately obese women scheduled for IVF, compared to women scheduled for IVF without previous weight reduction. However, the frequency of live births after spontaneous pregnancy was higher in the weight reduction group. Some of the explanation for this finding would naturally be that the women in the weight reduction group had longer time to achieve a spontaneous pregnancy, but it might also be because of the weight reduction in itself, as has been shown previously (Norman et al., 2004) . For the patients and for the society reimbursing the patients, spontaneous pregnancy was a very important occurrence since fewer patients needed to undergo IVF in this group.
It has been described previously (Panidis et al., 2008; Legros et al., 2015) that especially infertile women with PCOS would benefit from weight reduction, but our subgroup analysis did not confirm this, showing no statistical difference between the groups. Encouragingly, no detrimental effect of LCD on IVF outcome was noticed, as had been proposed (Tsagareli et al., 2006) . Rather unexpectedly, our results indicates that weight loss for moderately obese women (BMI: 30-35 kg/m 2 ) might not rectify the outcome in IVF cycles, although poorer results after IVF in this group, and especially for women with higher BMI, has been shown in many large observational studies. (Maheshwari et al., 2007; Luke et al., 2011; Bellver et al., 2013; Petersen et al., 2013; Provost et al., 2016) . Of late, articles have been published arguing that is unethical not to offer IVF to obese women, since the results are better than for many other groups that are currently being treated (Legro, 2016; Tremellen et al., 2017) . The live birth rates in the IVF only group, i.e. in women not losing weight, were much higher than expected and in line with current national data from the Swedish national quality registry for assisted reproduction (Q-IVF).
Our study does not confirm the results of an Australian RCT (Sim et al., 2014) , that started after ours with fewer participants, and was not powered for life birth results. It showed that after an intensive 12-week lifestyle intervention, the patients had an average of 6.6 kg weight loss and a significantly higher live birth rate than the control group (44 vs 14%), and required fewer treatment cycles (two vs four). On the other hand, our results are in accordance with a large Dutch RCT (Mutsaerts et al., 2016) , recently published, where no improvement in live birth rates was noticed after an intensive lifestyle intervention in obese women. In that study more than 600 obese women were randomized to 6 months of lifestyle intervention before 18 months of infertility treatment or to immediate infertility treatment for 24 months. The average weight loss in the intervention group was 4.4 kg, The Figure 2 Graph of weight change for the two study groups from randomization to oocyte retrieval.
primary outcome was term vaginal birth rate within 24 months, which was significantly higher in the immediate treatment group (35.2 vs 27.1%). Nor did our study confirm, as previously described (Fedorcsàk et al., 2004) , that lower doses of gonadotropins are required in women with lower BMI, nor did it confirm that the miscarriage rate in this group is lower compared to the miscarriage rate in obese women. It has been discussed that the only effective treatment of obesity is bariatric surgery (Carlsson et al., 2012) . However, in the Nordic countries, as well as in international guidelines, the eligibility criteria for bariatric surgery is considerably higher (BMI ≥ 40 kg/m 2 ) than for the patients in our study, who were obese with a BMI of ≥ 30 < 35 kg/m 2 . We thus chose a LCD for weight reduction since this is a well-documented, safe and effective method (Mustajoki and Pekkarinen, 2001; Parretti et al., 2016) , giving substantial weight loss within a reasonable time frame for patients planning IVF. The higher frequency of prior termination of pregnancy noticed in the baseline characteristics for the IVF only group can be regarded as a random finding. Randomization was only balanced for parity, not for all outcomes of pregnancy. However, previous pregnancies, including terminations, have been found to be a positive predictor of clinical pregnancy (Templeton et al., 1996) . Adjustment for this imbalance in baseline did not alter the results.
The lack of a positive effect of weight reduction prior to IVF on subsequent live births might be surprising in view of earlier observational studies (Maheshwari et al., 2007; Luke et al., 2011; Petersen et al., 2013; Provost et al., 2016) , showing a clear association between BMI and success after IVF. Although only a few of our patients reached a BMI ≤ 25 kg/m 2 , a substantial weight loss was achieved in the weight reduction and IVF group for most patients. Despite no significantly improved effects being detected in live birth rates in the weight reduction group, the weight reduction per se ought to be beneficial in the longer term (Gregg et al., 2016) and might also be a positive factor when assessing cumulative live birth rates. Furthermore, it is indeed important to bear in mind the increased obstetric risks for mother and child that follow with obesity (Dokras et al., 2006; Luke et al., 2011; Cnattingius et al., 2013; Johansson et al., 2014) , and weight reduction before pregnancy obviously must lower these risks. The strength of this study is that it was randomized and included many centres, allowing for generalizability and a substantial weight reduction was achieved by most patients.
A limitation was that the intervention group had a longer time to achieve a spontaneous pregnancy,~4 extra months prior to IVF. This was impossible to avoid, since the IVF-only group could not be motivated to wait for their IVF treatment for such a long period of time. On the other hand, this resulted in the intervention group being older than the control group at the time of the IVF. This is important to consider, since age is the most prominent predictor of success after IVF. Also, the study was for obvious reasons not blinded for the patients or physician. A further limitation is that despite being quite large, the study was not powered to detect small differences in the number of live births between groups. Concerning the power calculation behind this study, one could argue that even a smaller difference in live birth rate would be valuable for the patient. However, we believe that a rather large difference in LBR is required to motivate young women to participate in this rather demanding trial, a statement well supported by the randomization process indicating a high decline rate. Further, the study only included women with a BMI lower than 35 kg/m 2 from participation, due to the Nordic IVF regulations. Another limitation to the study is that the time from the weight reduction up to the IVF treatment might have been too short, although a stabilizing diet re-introduction phase of 2-5 weeks was added, to correct for negative effects of obesity and adipose tissue both on the endometrium and oocytes (Bellver et al., 2013; Comninos et al., 2014; Leary et al., 2015; Cardozo et al., 2016) .
In conclusion, this randomized trial showed that an intensive weight reduction programme resulted in a large weight loss, but did not substantially affect live birth rates in obese women scheduled for IVF. The study suggests that weight loss for obese women may not rectify the outcome in IVF cycles, although a significant higher number of spontaneous conceptions occurred. Also, it suggests that an intensive weight reduction with LCD treatment does not negatively affects the results.
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